We describe the polymorphic order-disorder transition in the chalcopyrite-type semiconductor 
that complicates the study of the transitions. There is, however, a large class of tetrahedrally bonded semiconductors -the A 'B "'C '2 chalcopyrites" -where the stronger interactions between the nonisovalent A'-B "' atoms (reflected in much larger latent heat BH of 2-3 kcal/mole) leads to reversible order-disorder transitions observable at conveniently higher temperatures even in bulk crystals. These ternary A'B"'C" '2 chalcopyrites (e.g., CuInSe2) undergo as a function of temperature a first-order phase transition between the high-temperature disordered zinc-blende-like (ZB) phase and the ordered chalcopyrite (CH) structure. Depending on the system, the disordering transition occurs in the temperature range" ' T, -800-1300 K, is accompanied by an abrupt disappearance of the zinc-blende-forbidden x-raydiffraction peaks, " a large (0.1-0.5 eV) reduction in the semiconducting band gaps' ' and marked changes in the short-range order seen in NMR studies. ' Since the disordered phase contains cross substitutions between nonisovalent A '-B"' atoms, it manifests donor-acceptor electronic compensation. It then appears that experimental and theoretical studies of the physical factors controlling the polymorphic order-disorder transition in chalcopyrites can be used to gain insights into (i) the analogous (but weaker) transformations in isovalent alloys, and
(ii) the physics of compensation in highly concentrated donor-acceptor systems.
In this work we describe an ab initio theoretical study of the microscopic origins of the order-disorder transitions in the prototype chalcopyrite system CUD 5Inp 5Se. Similar but less detailed results are also presented for the "III-V ' ' or optical'" parameters terms, so T"at x= 2 is unaffected by them. Table I shows that mapping N, =7 structures to these six interaction parameters gives a perfect fit (shown in parentheses).
Omission of any of the structures from the basis set and a subsequent prediction of its energy from the cluster expansion produces a "prediction error" bELo~(s A global ground-state search of the Hamiltonian (2) with the interaction energies of (4) reveals that the chalcopyrite structure has the lowest T=O energy of all possible fcc configurations. The result remains unchanged even if the chalcopyrite structure is excluded from the set of structures used to determine [Jt, j. Note, however, that the energy of CuAu-I-like structure (CA) is only slightly above that of the chalcopyrite. We found that the small 
AH(T=O) =AH(CH) is also
given (solid triangle) for reference. shows the probability p(A28q) of finding an A282 tetrahedron [ Fig. 1(a) ] and the mixing enthalpy hH(T) [ Fig. 1(b) 
